The transferable macrolides-lincosamides-streptogramin B (MLS) resistance determinant of clinical isolates of Clostridium difficile, designated ermZ, has been shown to share homology with ermB, which is associated with Staphylococcus aureus transposon Tn55i. Homology within Tn551 was confined to -1.3 kilobases, whereas no homology could be demonstrated between Tn551 sequences external to ermB and MLS-resistant C. difficile.
MATERIALS AND METHODS
Bacterial strains and plasmids. Bacterial strains and plasmids used are listed in Table 1 . Phage types of C. difficile strains were determined with a recently described typing set (25) .
Media. C. difficile strains were grown in prereduced, anaerobically sterilized brain heart infusion broth (12) or on brucella agar with 5% human blood (30) . Cultures were incubated in an anaerobic chamber (30) . S. aureus strains were grown in Luria-Bertani broth (16) or on Luria-Bertani agar (16) .
Susceptibility testing. Susceptibility of C. difficile strains was determined by unstandardized disk diffusion on brucella agar with blood. Inhibition zones were interpreted by comparison with zones obtained with susceptible control strains. Susceptibility of S. aureus strains was determined by standardized disk diffusion tests (21) on Mueller-Hinton Agar (Oxoid Ltd., Basingstoke, United Kingdom).
DNA preparation. Plasmid DNA was prepared by alkaline heat treatment by the method of Kieser (14) . Plasmid pBBB2 DNA was further purified by CsCi-ethidium bromide equilibrium density gradient centrifugation (16) . Chromosomal DNA was prepared by cell lysis and extraction with phenolchloroform (16) . After precipitation with ethanol, DNA was spooled out with a glass rod (17) .
C. difficile cells were lysed by repeated freeze-thawing of cell concentrates in 50 mM Tris chloride buffer (pH 8), followed by 15 to 30 min of incubation at 37°C with added lysozyme (final concentration, 1 mg/ml). Then EDTA and sodium dodecyl sulfate were added (final concentrations, 1 mM and 1.5%, respectively), and after 15 min of incubation in ice, chromosomal DNA was prepared as described above.
Restriction enzyme analysis. Restriction enzymes were used as recommended by the manufacterer (Anglian Biotechnology, Ltd., Colchester, United Kingdom). Separation of the fragments by agarose gel electrophoresis and DNA detection were done by standard procedures (16) . The fragment sizes were determined by comparison with the fragments of X DNA digested with HindIll. Restriction fragments were recovered from agarose gel slices by freezing the slices at -80°C and centrifugation in an Eppendorf microcentrifuge. The supernatant was subjected to extraction with phenol-chloroform, and the DNA was precipitated with ethanol (16) .
Restriction mapping. To determine the cleavage sites of restriction enzymes on given DNA, we used the mapping methods outlined elsewhere (16 (16) .
DNA-DNA hybridization. Hybridization experiments were done by standard procedures (16, 29) . Nitrocellulose filters were used as a solid support for target DNA. Hybridization was performed for 15 to 18 h at 66.5°C after prehybridization for 2 to 4 h with denatured calf thymus DNA (0.2 mglml) at 66.5°C. After hybridization, filters were washed for 5 min at 66.5°C and twice for 30 min at 46°C. Exposure of X-ray films was for 1 to 3 days with intensifying screens at -80°C. Overexposure for 10 days was performed to confirm negative results.
Resistance transfer. Resistance transfer experiments were done by filter mating, as previously described (34) . Mid-logphase cultutes of S. aureus recipient (2 ml) and of C. difficile donor (1 ml) were mixed and filtered through a membrane filter (0.45-pim pore size). The filter was placed on brucella blood agar and incubated anaerobically overnight. Cells were then removed from the filter by vortexing it in prereduced brain heart infusion broth (12) . To select for transcipients, the suspension was spread on Luria-Bertani agar supplemented with either 5 mg of clindamycin or erythromycin per liter or 10 mg of tetracycline per liter. Selective media were incubated aerobically for 48 to 72 h to suppress the donor.
RESULTS
Phage typing of C. difficile strains. The phage types of all C. difficile strains were determined by using a set of eight phages (25) . Two different types, designated A and B, were found ( Table 1 ). All transcipients, while different from both donors, showed the same phage type as the recipient strain CD37. This was evidence for isogenicity of all transcipients and the recipient and was in support of previous findings based on determination of various enzyme activities using API ZYM testing sets (API International, Geneva, Switzerland) (35) .
Restriction mapping of plasmid pBBB2. S. aureus plasmid pBBB2, originally designated pBB2 (3), is a 14.5-kilobase (kb) mini-plasmid derived from phage 411de and carrying TnSSJ (3). TnS5, originally found in S. aureus (22) , is a 5.2-kb transposon harboring the Eryr determinant ermB. To obtain radioactive probes covering different parts of Tn551, we made a restriction cleavage map of plasmid pBBB2 (Fig.   1 ).
Localization of C. difficile resistance determinants. The two plasmid bands of the resistant C. difficile donor 630 (35) corresponded to open circular and covalently closed circular DNA forms of one single plasmid, as determined by twodimensional agarose gel electrophoresis combined with UV irradiation by the method of Hintermann et al. (11) (data not shown). The size of the plasmid was 8 kb. To test the association of the plasmid with either erythromycinclindamycin or tetracycline resistance, we examined the C. difficile transcipients for plasmid DNA. Neither Tetr nor Ery-Clr transcipients showed any plasmid DNA. Moreover, no hybridization of total DNA of the Tetr and Ery-Clr transcipients with radioactive plasmid DNA from donor 630 could be detected (data not shown), indicating that the plasmid had not integrated into the recipient chromosome either. Therefore, the plasmid of strain 630 was considered to be cryptic. The determinants for resistance to erythromycin-clindamycin and tetracycline in all C. difficile strains were assumed to be part of the chromosome, although linkage studies for final confirmation could not be performed.
Identification of C. difficile Ery-Clr determinant. Chromosomal DNA of the C. difficile strains was hybridized with radiolabeled total plasmid DNA from pBBB2 carrying TnSSJ. Hybridization signals appeared with all Ery-Clr donors and transcipients. No signals were detected with the DNA of the erythromycin-clindamycin-susceptible strains, either the recipient or the Tetr transcipients (data not shown). In analogous experiments with purified HpaI fragment 1 ( Fig. 1 ) of pBBB2 as a radioactive probe, indistinguishable results were obtained, indicating that the hybridizing sequence of pBBB2 was most likely located within TnSSI. Figure enzymes, including BglII, HindIII, KpnI, and XbaI. These four enzymes were used to digest C. dijficile DNA. Subsequently, the DNA was probed with radioactive HpaI fragment 1. Two or three hybridizing C. difficile bands had to be expected if a complete Tn55J was present in C. difficile.
However, as in the Hindlll digests (Fig. 2) , no more than one hybridizing band could be detected in either of the other digests (data not shown). This result suggested that only part of Tn551 was homologous with Ery-Clr of C. difficile. With the exception of donor 662, all hybridizing bands found in Ery-Clr C. difficile DNA treated with either enzyme showed identical sizes. The sizes of the fragments after treatment with HindlIl were either 10 kb (donor 630, transcipients 707 and 720) (Fig. 2, lanes b', f' , and h') or 8.5 kb (donor 662) (lane c'). After treatment with XbaI the sizes of the hybridizing fragments were 20 kb (strains 630, 707, and 720) and >28 kb (strain 662). With KpnI the sizes were 23 kb (strains 630, 707, and 720) and >28 kb (strain 662), and with BglII all fragments were >28 kb (data not shown).
Determination of homologous sequence within TnS51. To analyze more precisely the homologous sequence within Tn551, restriction fragments covering only part of the transposon were cut from agarose gels, purified, and used as radioactive probes for hybridization with C. difficile DNA.
One such experiment was done with the Tn55I-internal BglIl 2 fragment of plasmid pBBB2. This fragment covered 37% of the transposon without carrying any parts of ermB (Fig. 1) .
No hybridization with any C. difficile DNA could be detected (data not shown).
Instead of purifying 5 to 10 different Tn55l fragments for hybridization, we designed an experiment with exchanged hybridization participants. Total chromosomal DNA of donor 630 was radiolabeled by nick translation and hybridized to digested plasmid pBBB2 DNA (Fig. 3) . From the pattern of hybridizing bands in lanes c' to h' the homologous part within Tn551 could be deduced. Homology was confined to a portion of 1.3 kb within the transposon from an HpaI site to a KpnI site, which are both marked by dotted lines in Fig.  1 . This part of TnSSl carries the entire ermnB gene. The results were consistent with the hybridization of radioactive BglII fragment 2 to C. difficile DNA described above.
In an analogous experiment, radiolabeled chromosomal DNA of donor 662 was hybridized to digested pBBB2 plasmid DNA. The results (not shown) were identical with the ones shown in Fig. 3 , suggesting that the Ery-Clr determinant of donor 662 was similar to the one in donor 630. four enzymes was hybridized with radiolabeled HpaI fragment 1 of plasmid pBBB2. In the digests of transcipient DNA generated by BglII, KpnI, and XbaI, hybridizing fragments with sizes of >28, >28, and 27 kb, respectively, were detected (data not shown). Hindlll digests of the transcipient showed one hybridizing fragment of 9.5 kb (Fig.  4, lane b' ), whereas recipient DNA did not hybridize at all (Fig. 4, lane c') . Interestingly, the 12.8-kb additional fragment of the transcipient did not show homology with HpaI-1 probe, indicating that it was devoid of any parts of the Ery-Clr marker.
Additional evidence for the transfer from C. difficile to S. aureus was obtained by hybridization of six restriction enzyme digests of plasmid pBBB2 with radiolabeled total chromosome of the transcipient 662x80CR5. This experiment gave rise to a pattern of hybridization signals (data not shown) identical to that achieved through hybridization with the radioactive chromosome of either C. difficile donor (Fig.  3) , strongly suggesting that the resistance determinant in transcipient 662x80CR5 was the C. difficile marker.
HindIlI-digested chromosomal DNA of recipient 80CR5 and transcipient 662x80CR5 was hybridized with the radiolabeled chromosome of Ery-Clr C. difficile. Three such experiments with DNAs from donors 630 or 662 or from transcipient 707 as labeled probes were done. The results were indistinguishable although the three C. difficile strains were not isogenic, yielding further evidence for the close similarity (see above) of the Ery-Clr markers of the two donors 630 and 662. One of the three experiments, with DNA of donor 630 as the probe, is shown in Fig. 4B . Both the transcipient and the recipient digests unexpectedly showed seven indistinguishable hybridizing fragments that were obviously not linked with resistance (lanes d' and e'). A signal at 9.5 kb in the digest of 662x80CR5 was detected (Fig.  4B, lanes d and d', double arrow) representing the Ery-Clr marker. Moreover, a second signal appeared at 12.8 kb (Fig.  4B, lanes d and d', arrow) , representing the additional 12.8-kb fragment described above. This fragment could not be derived from chromosomal rearrangement of the seven hybridizing S. aureus bands not linked with Ery-Clr because they were indistinguishable from those of the recipient (see above). Therefore, the 12.8-kb fragment contained DNA from the C. difficile donor 662 which had been transferred to S. aureus together with the Ery-Clr marker.
To 
DISCUSSION
No plasmids associated with resistance were detected in the C. difficile strains examined in this study. Resistance to erythromycin-clindamycin is therefore assumed to be chromosome mediated, although no linkage studies were performed. The same is true for the mentioned Tetr determinants, which are described in the companion paper (10) . The plasmid of donor 630 (35) is cryptic, as are all C. difficile plasmids so far described (19) .
Transduction in clostridia has already been reported (6) . Nevertheless, efforts with mitomycin C-induced phage lysates to transduce the C. difficile resistance markers analyzed in this study remained unsuccessful (unpublished data), supporting the findings reported elsewhere (27) . Transformation, too, has not been observed (27) . Resistance transfer in C. difficile has only been achieved by mixed cultivation (13, 27, 35) and has been assumed to be mediated by a conjugationlike event (35) . Transfer of chromosomal resistance in Streptococcus (Enterococcus) faecalis by mixed cultivation is believed to be connected with a conjugative transposon, the Tetr_carrying transposon Tn916 (8) . Conjugative transfer of resistance in the absence of detectable plasmid DNA has also been reported in Bacteroides species (18) and Staphylococcus species (28) (20, 26, 31, 33) . In one case nearly 50% identity was observed when the nucleotide sequences of the nonhybridizing MLSr genes of pAM77 (class A) and pE194 (class B) were compared (33) . Although considerable similarity between the determinants is frequent, there exists great diversity among the DNA sequences in which the determinants are embedded. Several different transposons and plasmids as well as chromosomal DNA have been found to be linked with MLSr markers (4). Close relationship extending throughout the entire sequence has been described only between the S. aureus transposon TnS51 and the S. faecalis transposon Tn917 (24, 26) . Our findings add to that statement in that all but one of the Tn551-internal restriction sites shown in Fig. 1 are indistinguishable from those of Tn917 (24, 26) . The only exception is one BglII site, which is present only in Tn551 (Fig. 1, arrow) , not in Tn917.
On account of the relationship of ermZ with ermB, experiments directed at intergeneric transfer of the marker from C. difficile to S. aureus were performed. Intergeneric transfer of MLS resistance between the related genera Streptococcus and Staphylococcus has been reported (7) . The results presented here show that transfer of ermZ from Clostridium to the remote genus Staphylococcus does occur, although extremely rarely, and that the resistance is expressed in S. aureus. The exact transfer mechanism remains unclear. Although not rigorously ruled out, again plasmid transfer seems highly unlikely, as it does in a recent report on resistance transfer in staphylococci (28) . Once again, a putative conjugative (8) transposon present in the C. difficile donor 662 would be consistent with the data presented in this study. Involvement of a transposon would also be backed by the fact that the S. aureus transcipient 662x80CR5, besides ermZ, received additional C. difficile DNA from donor 662 through the transfer event (Fig. 4) . This additional C. difficile DNA in 662x80CR5, on the other hand, hybridized to DNA of the MLS-susceptible C. difficile recipient CD37 also. This could be due to insertion sequence (IS)-like elements present in both C. difficile strains, the donor 662 and the recipient CD37. An integrated resistance marker flanked by two such elements would preferably become transposable. If ermZ within donor 662 was flanked by common IS-like elements, the hybridization of DNA of the C. difficile recipient CD37 with both the 9.5-kb and the 12.8-kb fragments of S. aureus transcipient 662x80CR5 could be explained. Moreover, the seven hybridizing bands, found unexpectedly through hybridization of digested S. aureus DNA with radiolabeled C. The previously mentioned hypothesis that most MLSr determinants have a common origin (23) is supported by the present study.
